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THE RACETRACK MICROTRON R40i0-FRE@ENCY SY5TEJ’4

Paul J. Td]lericn, A. K. Hitra AT-5 (MS 827)
Los Aldmos National Laboratory, Los AldswJs. New Mexico 875a5

The design .\nd construction progress of a
prototype r+ system to drfv? the Los AldMOS-N8S
rtcetrack microtron (RTM) electron accelerator is
described. The rf system requires 450-kW CW dt

2380 MZ fr~ d Slngld’ klystron. The output from
the klystron is split trlree wdys to drive a capture
section, d oreaccelerdtcr section. dnd the main
accelerator section. The fields In each section
are phdSe- dnd Wnolitude-co,ltrol led to tight toler-
dKeS. Tefrperdture COntfOl of the acce]eratbr sec-
tions dlso is llnked to the d~~ltude-control SyS-
tem, Dticause the system’s dveraqe Dcuer is so high.

Introduction—

The Overd!l dccelerdtor is rev}eed in Ref. 1.
dnc tht rf $yster is sh~n $Chemdticaily in Figs. 1
ana 2. TM beam goes frcm d 11)0-:V ln]ector,
tnrough a pair of ~~~o chcoper Cd\’!KieS, then

tr,rough d buncher CdVJty. There 15 a J.A-m predc-
celerdtor section dnd d l-m capture sectila in thl!
lnJectlon llne, drd the mdin dccelerdt ion \ection
on the RTM is 6 m long. All threr dccelerdtor se~-

tlOn$ are deslqned for 1.5 P@N/r, dnd dre of tl:e
disk-dna-wather type Clescribea in In Ref. ?. The
TIIl~O modes dnd flelas in the $audre c“lcpp L.r

cavltles dre fnrjepenaen[ of edch otfwr. Th,,s, d
total of eight rf fleld~ must be controlled in
d~l\tuCe dna phase f3r the ;ystqn to ocerdte.
Three 754 dr~llfters dna one 450-kii <lystr@n,
31CeC by ‘cur var14ble-rdtfo power divlaersz and

‘Our high-poker (Ihd\@ shifters constitute the hlqh-
puker rf sy~tem.. hormdlly the rf system 15 oper.dted

~ +.-J l-b’

1

IL-JWLnm

10Lw

w

Fig. 2. High.Gower rf SyStem
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CM, but the klystron drive may be Pulsed to fdcill-
tdte conditioning of the hiah-poher Cdvft!es. The
rf system c~rises the follouin$ subsystems: the
low-level rf system, the dc power supply, the wdve-
au{de pcwer-dfstrfbut ton system, the ~ly$tron, the
Phdse- dnd WI ltude-contro] Syster ?he wdter-
coollng s;stem, dncl the sdfety-int, system.
The fndjor design parameters dnd problms bssocfdted
with edch sy$ten dre dfscussed, dnd the overall]
progress to dat,? is reviewed,

The LOu-Lpvel rf System

The rf source i> a voltage-controlled crystdl
Oscillator (Vcxo), fo!lwed by d 16-times multi-
plier wtth a ?3804Ht output frequency, The OSCil-

Idtor mdy be clectr(cdlly tuned by ●?.a MHz, The
rf source dlso includes d’ 1-u MIpllfler and Jn
&way Dower tplitter. Thus, dbout 100 W Of Power
dre tvailable at edch of the e19ht outputs, The
line to the klystron driver hds a l-kHz, 50- to
SO(LUS gste that iS controlled by an andloq S!glldl

from the c~uter. Or~e a clvity .an tolerate 501
duty factor, the gate module remins “on” and the
klystron werates CU. prototypes O! the gate dnd
source modules have been built tnd te..ted at Los
Aim;.

%rk supuorteo by the Us Department of fnergy,



The turn-on problem is one of the mo:t !iffi-
cult fn the rf system. ‘he washers will be warmed
up by 15*C by the rf fieldS, and the cavities will
change resonance frequencies b~ about 25 lrHz/”C.
During cold wtidther, the inlet water t~wature
will be low dt times when no rf power is being
applied; but once the $ystm is operating, the
inlet water temperature may be as high as 35-C.
The sensitivity of the cavity to changes in water-
systen twoerature is 40 kHz/”C. Thus, its worst-
case frequency change will be about 1775 kHz,
which is well wfthin the 2.4-MHz t~ning range of
the VCXO. Initially the co~uter will sweep Lhe
VCXO to find the cold resonance frequency, with low
power dellvered to the cavities. Then the power
will be increased, and the frequency will follow
the cavity resonance as the cavity and the water
systm become wdrmer. A IWChdnlCdl tuner has been
designed as d back-up system, but evidence so far
indicates that the VCXO tuning method dlone will
be Mleauate.

There are three Qrtaded-tube 75-K amplif~ers
and feedback loops (Fig. ]) thdt are useC to drive
the buncher anC the two chopper cavities; these
&nplifiers have ?O-dB gdin. The three amplifiers
ard d spdre all have been delivered and tested for
$everdl hours at full power.

The aC power supply consists of four outdoor
units: a fused mdnud] ClrCult breaker, d VdCu(lM

circu~t bredker, d linear variable trdnsfonner,
dnd the transformer-rectif er unit. The input
vc!ltdge is 13.2 k; tt 52 P, three-phase. The out-
put iS 65 k; at 16.5 A, with less thdn ]% pedk.to-
pedk rfpplt. The high-voltdae trdnSfO~er hds d
deltd primary, dnd both delta dnd kye secondaries
to reduce the ripple, The high-voltdge trans.
former, the rectifier Stdcks, dnd d nne-stdge LC
f!lter are al] housed in d c-n oil tdnk. An
iqnitrOfl Lrowbdr dnd its dropping reSiStOrS are

housed fndoors. Ne~ther $ld@ of the power supoly
Is soliIly grounded, and c single-point ground ~S

estdbilshed dt the croubdr unit. The crowbgr fires
uithtn 5 “S of d fault, and the v#cuum c{rcult
brtdk+?r can open in 30 MS,

The Iinctr vartable transformer is motor
driven, dnd tile Outout voltdge is Conttnuou$ly
CtjuStdble from j~ kV to 65 kV. The p~er luLply
is now completely installed dt Los Aldmos and hdS

been tested to full voltage and current. A foil
tester hds been ddded to the Crowbdr, but the crow-
bdr unit hds nOt yet p~s$ed thl$ test. N? Fxpect
the pmer-supply to b~ c~lete]y Optrdtiondl by
Nowatber 1, 1981,

The rf Povrer-Distriwtion Systm

The 4K1-kH cw rf Doutr from the klystrons wIII
be delivered to the main dccelerdtor and the cwe-
accelerdtor dnd capture sections, The phtse and
Uf@Iltudc In each of these ctvltiet must M con.
trolled tnsltpwtdently, The sy$tam u8es d kIkR-43C

?
wtv ufd? thdt is water cooled for phd8C stability,
A sc emattc of the systm fs shoun tn FIQ. 2. The
us@ of c circulator #t this very high pmcr level
would not be required If the wtveguide lortgth
b@tUO@rIthe CdVittOk and the generator were

constant, but the Vdridble-rdlio power divider
Chdnges this length as the rdtio changes. Thus,
the klystron may see a high load Impedance, which
Cdn ddmdge tb~ klystron. The kiystron :ould have
been designed to operate stably into a higher mis.
match, but this design would lower the overall
efficiency for the Mdtched condition. Therefore,
a high-power ci~culdtor hds been ordered, but i!
IS uncertdin that the circulator is necessdry for
different methods of distributing the rf power.
The phase shifters and power dfliders in }ig. 2 all
are controlled b, stepper nwtors and feedback sys-
tuns. All waveauide components, except the circu-
lator, have been delivered to Los Alwmos; the ctr-
Culdtor is scheduled for delfvery in February 1982.
Thus, Che inittal cavity tests will be perfonnec
without a ctrculdtor; but the klystron will h~
Protected by VSUR detectors, arc detectors, and ?he
body-current protection circuit.

The two TPll~O chopp~r fields in each chop-

per Cdvity are derived through a Varidble.ratio
p~er divider and phdse-$hift system that dre
ccaxial, rdther thdn wdveguide, Components. A
Single 3 dB hybrid would suffic? if the coupllno
loops and all other phy$ica~ attributes of the the
modes were identical; but the actudl method usec
will hdVe :0 be very tolerdnt of dS~fry in the
system.

Klystron

The klystron to be used is a VKS-8270 klystron
that has five ficefj-[uned cdvftfest The tube is
rated 450 ku cw at 2380 MHz. The collector IS
dC-iSOldted fr~ the klystron borJy, so that the
body current md~ be edsily monitored, TWO co~lete
d~!ifler PdCkd9eS, edch cons~sting of a klystrcn,
solenoid, dnd socket tdnk, halve b~en ordered dnd
nou dr.+ at Los A]dms. In their factory tests,
both tubes de] fvercd 500 kkl, hdd 57-dB gdin, #nc
s204fHz bdndwfdth, One co~lete klystron dmf)lifler
is set up nt LOS Aldms dnd will be tested in edrlv
November, th!”, yedr.

phdSC dnrl Amplitude Control System

The phdse- bnd &nplitude-ccntrol system
achieves control by electronic and fhechdni~dl
methods. The bunchpr control loop Is an exccpffofi:
]t hds only el?CtrOniCdlly controlled phdlc shift.
ers dnd attenuators, The chopper CdVitiPS hdvc d
MeChdn!Cd~~y ~ontrolled, vdr #ble-ratio power
d!vlder and phase shift@r; these control the w@ll-
tude dnd fdhdse o? the second field, while the elec-
tronic loop controls the primary field vdriables,
The electronic control on the klystron sy$tpm con-
trols the field in the cdpture $@ction, and two
wdvqutde varfdble-ratio powr divtders and phase
shifters are used to ccntrol the field! fn the
pretccelerator and main tcce)erator ttnb., R~id
be~loadlng trtnsf?nts will b? atoided, ond the
~)ow machanl:al system keeps th+ #v@rage errors in
tuning tamperaturc under control,

Nattr Coo}ing Systelll

TM total water-system requirement are
390 gpm at 65 psi of deionil~d wster; the WQV?.
guide cooling systam roqulrts 6 gpm bt 30 psf of



tap water. A schematfc of the deionfzed water
system 1s shown in Fig. 3. The accelerator
cavities require up to 320 gpm, but these have
their own pumps and deposit heat only into the
main water system. The temperature of the
accelerator cdvities nst be controlled to Q.L”C;
this control will be accomplished by a three-way
mixer valve. The klystron and hater loads are
quite tolerant to water tewerature, but the
circulator requires ●2-C input wat~r; thus it is
also on an auxillary loop, connecled to the main
water system by a three-way miser valve.

Safety-Interlock System

A Kirk-key systm is used on the 65-kV dc
power supply to prevent personnel access to the
input ano output of this supply. The rf wavegulde
distribution system has a single air inlet and
outlet. The Inlet is pressurized with a small
blower, and a moving-air detectcr !s used at the
ou!put to ensure that there are no openings in the
waveguide syfte,n.

The lgnltrcn crobbar is ac!irared by the rate
of rise of the klystron cathode current, When the
trot.bar f!res or mfsfir~$, it is d~toma!ically re-
set hy the computer, but if a second cro~bar occurs
hi[hln ] rein, lt shuts down the entire Sj$te.m.

The miner faults in the rf $y$t~, (bursts of
body cur .nt, d uave~ulde drc, e~cessive reflectea
poher to dIIy cavity, excessive control-loop error
slgrldls) cause tnc rf drive to be removed from the
klystron. After 1 ms, d lesser rf drive tS reap-
pl,ed. @ne such fdult per second is allobea, bul
if l(J/ml,luccur, the system Is thut down.
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‘he major faults usually involve a dimlnish~d
water flow or excessive tenmerature. Thus, manual
control of the water systm is required. The klys-
tron drive is removed and the 65-kV pow~r supply

htit down. Other major fdults include exces> iv?
(on average-body current, klystron filarrert

or” magnet current being out of range, and high
voltdges or klystron {dcuum too high.

Uhenever dny fault is detected, a signal is
sent to the injector to shut off the beam injected
Into the dccel~rdtor. The bedm is nOt turoec? m

until the rf system has stabilized.
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